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A 200-ton crane lifting a complete turntable on board the British dreadnought "Monarch." 

FINISHING A BATTLESHIP AT THE ELSWICK WORKS 

Some Notes on the Armstrong Works 
A Pioneer in the Development of Modern Ships, Guns, and Armor 

I
N speaking of the great engineering firms of the pres
ent day, there are certain names that may be termed 

generic. Such, for instance, are those of Edison and 
Westinghouse in this country, Krupp in Germany, and 
Vickers and Armstrong in England. It is beyond the 
compass of this journal to give any ex-
tended description of a works which is 
so intimately associated with the last
named engineer ; it is our purpose merely 
to give a few historical notes on the foun
dation and growth of the Armstrong 
concern, and a brief description of some of 
its output, as pictured in the accompany
ing illustrations. 

ty, he spoke to his audience of the dense crowds that 
had collected in 1844 to see his hydro-electric apparatus, 
a crowd so dense that he had to enter the lecture room 
through a window. In 1846 the Royal Society elected 
him a fellow, and about the same time the first hy-

draulic crane was erected upon the Newcastle quay. 
So successful was this, that in 1847 an engineering es
tablishment was opened upon the Tyne at Elswick. 
The success of the hydraulic crane was immediate and 
widespread;. and upon the heels. of this followed Arm-

strong's invention of hydraulic mining ma
chinery. The invention of the accumula
tor, which rendered it possible to employ 
hydrauliC power where there was no nat
ural head of water, gave a great stimulus 
to the new invention. 

To· many who read these lines it will 
come as a surprise to learn that Lord 
Armstrong, the founder of the great works 
under consideration, started in life as a 
lawyer. But if he was a lawyer by pro
fession he was an inventor by instinct 
and natural endowment, and as early as 
the year 1836, his thoughts turned to the 
promising possibilities of water as a mo
tive power, and for several years he de
voted his very keen mind to the study 
of hydraulics. As the outcome of this, in 
1845, we find him lecturing to the Literary 
and Philosophical Society of Newcastle-on
Tyne, on the "Employment of a Column 
of Water as Motive Power for Propelling 
Machinery;" and a year later he exhibited 
his hydro-electric machine. Half a cen
tury later, lecturing before the same socie-

Instantaneous photograph showing the incandescent fragments of a shell 
which has broken up against a plate. 

The outbreak of the Crimean war 
brought Elswick for the first time in touch 
with the British War Office. The heavy 
artillery of the British Service had made 
practically no advance since the time of 
the Peninsular campaign and the battle 
of Waterloo, forty years before. Arm
strong, with that distinguishing faculty of 
transferring his whole energy and atten
tion to various subjects in turn, now be
came completely absorbed in the study of 
guns, carriages and projectiles. In 1854, 
soon after the battle of Inkerman, he de
signed and built a three-pounder built
up gun which is still on exhibition as a 
historical relic at Elswick. It consisted 
of a core of steel enveloped in coiled iron 
cylinders shrunk one above another. The 
gun was rifled and breech-loading and car
ried a movable ventpiece. In bringing this 
gun into general use there was the usual 
government apathy and inertia to over-

Pair of heavy guns on their turret turntable-hydraulic 
mounting. 

To sav.e. rOOm, this_torpedo tube recei"e� its tOI"P�ci.o
· 

from the side instead of 
through the bre�ch. 
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come, but u1t1mately a committee reported in favor of 
the Armstrong ,system on every point; indeed, there was 
no rival system in existence. Armstrong laid before 
the committee an entirely new system of field artillery, 
embodying in the gun a standard of accuracy and range 
hitherto unknown, and providing a piece that was com
plete with carriages, projectiles and fuses. 

The distinguished inventor now entered the govern
ment service with the title "Engineer of the War De
partment;" and he at once made a gift of his gun pat
ents to the nation. Just at this period the Elswick 
Ordnance Company was formed, and shortly thereafter 
Armstrong was knighted by the government in recog
nition of his abilities and services. 

In 1863 the British government repudiated their ar
rangement with the Armstrong Company and it was not 
until fifteen years later that the Elswick experts suc
ceeded in forcing upon the government their new type 
of gun, a type which with certain modifications is now 
adopted all over the world. 

In 1869 the Ordnance Department of Elswick was 
started, and shortly thereafter there joined the staff of 
the company a certain Capt. Noble, a young artillery 
officer whose name was ultimately destined to become 
famous as the leading expert on explosives in the world. 
Sir Alfred Noble is to-day head of the huge ordnance 
department at Elswick, and chairman of the company. 
Bereft of government orders, the company began t o  
establish a foreign trade which has since grown to 
enormous proportions. Up to date, the Armstrongs have 
built for the Japanese Navy 13 ships, for the Chinese, 
22; for the Brazilian, 11; for the Chilean, 2; and for the 
nritish Navy, 44 ships. The total output of the firm 
tu date numbers 135 warships, with a total displace
ment of 565,029 tons and a total horse-power of 
1.l37,U)7, 

As n result of Capt. Noble's researches and experi
lllenta I work, there came about a revolution of the 
whole science of gunnery; for by the introduction of 
�lulY-burnillg powder, he opened the way for the con
struction of an entirely new type of gun. This was 
completed and brought to the notice of the British gov
ernment in April, 1877. Subsequently, that notable 
gunmaker, Whitworth, amalgamated with the Arm
strong Company and a new company was formed under 
the title of Sir W. G. Armstrong, Whitworth & com: 
pany. In 1885 Armstrong opened up a branch for 
Italian work at Pozzuolli on the Bay of Naples, where 
for twenty-six years guns and mountings have been built 
for the Italian army and navy. Limitations of space 
Jlre\'ent any further narrative of the development of 
the various branches of this firm, and it mnst suffice 
to say that in Newcastle alone, 120,000' men, women and 
children are dependent on the Elswick works for their 
subsistence. 

One of the largest departments of this firm is that 
devoted to ordnance. We present illustrations show
ing the method of mounting the large-caliber, wire
woulld naval guns, which are manufactured in such 
large numbers for the British and foreign navies. In 
our own navy we use a purely electric method of control, 
both for training and elevating. The British have 
nllYays used and still adhere to the hydraulic method, 
which they claim gives excellent results in speed and 
accuracy. A striking illustration is the one showing 
:; photograph taken at the instant of impact of a 9.2-
iach shell against a Krupp plate. The work done upon 
the plate and the prOjectile resulting in the generation 
of intense heat is very graphically shown in this pic
ture. The particles of steel dust and fragments, high
ly incandescent, have been caught by the camera as 
they were scattered, white-hot, in all directions. The 
torpedo tube illustrated is one of th.e.Jatest pattern 
designed for underwater use aboard ship. In order to 
reduce the size of the torpedo room, the' tube is formed 
i� two halves, one of which can be unlocked and opened 
laterally as shown, to allow the torpedo to be inserted 
from the side. The tube is then closed up and locked 
by the manipulation of levers shown to one side of the 
launching tube. , 

Warships built at the Elswick works have to pass 
l.Jelow a high level bridge, farther down the Tyne, on 
their way to the sea. , Hence the peculiar appearance 
of the tripod mast of the ship, shown in our engraving. 
It will be seen that the mast is broken at the le_l of the 
smokestack, the top half of it being carried temporarily 
upon scaffolding, and subsequently riveted in position. 

The Use of Cocoa Shells as Fodder for 
Cattle 

'\. USE has been found for the cocoa shells which are 
1. a by-product of the chocolate industry in France 
liS fodder for cattle. The cows like.it and it is nourish
ing and fattening, having much the character as wheat 
bran, but it is thought by some authorities to lessen the 
milk yield, though not lowering (but even increasing) 
its fatty content. <\. report on the subject has been 
made by an agronomic engineer named Lucas to the 
National Society of Agriculture of France. The ques-
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tion is to be further studied and is of importance, as 
this product consists of no less than three to five mil
lion kilogrammes yearly, according to Les Annales. 

The Problem of High Speed in Ships 

N
oT many people understand why, in the higher 
ranges of speed, it is so difficult to add another 

knot or two to the speed of a fast ship. To the naval 
architects of course, the problem is a simple one. Not 
so to the layman, who, generally speaking, cannot un
derstand why such a great increase must be made in 
the horse-power to gain the last knot or two. One of 
the most lucid explanations, of a popular character, of 
this problem is contained in the last issue of the Ship
ping World, in the form of an article contributed by 
a member of the Institute of Naval Architects of Great 
Britain. We republish the diagram accompanying that 
article, and the following is a digest of the paper. 

The writer (M. I. N. A.) of this article was prompted 
to take up his pen by observing the ridiculous press 
statements as to the speed of the "Queen Mary," the 
latest of the British battle-cruisers, when she was on 
her trial. She was designed for 28 knots, and it was 
alleged in the press that she attained a speed of 35.7 
knots and was expected to do better when the crew 
became more familiar with the ship. 

In order to indicate what expenditure of power Is 
involved in increasing the speed of a vessel, the accom
panying diagram was prepared, showing the horse
power necessary to drive a ship of the dimensions of 
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The shaft horse-power of a battle-cruiser at vary
ing speeds. 

the "Queen Mary," 660 feet long, with a displacement 
of 27,000 tons, at speeds intermediate varying between 
19 and 36 knots. At the designed speed of 28 knots the 
total shaft horse-power to be developed is 70,000. In 
order to reach the speed she has been credited with 
35.7 knots, the shaft horse-power necessary would b� 
about 244,000, that is, about 3% ti�es the power that 
she was designed to develop under ordinary circum
stances. That the machinery could never develop any
thing like this, needs no demonstration, The diagram 
shows that at 28 knots the horse-power is 70,000; at 29 
knots, 81,OOO-an increase of 15.7 per cent. At 35 
knots the horse-power is 213,000, at 36 knots 258,000, or 
an increase for this advance of 21.1 per cent. We can 
thus see that, at the lowest speed, 11,000 horse-power 
is required to increase the speed by one knot, and at 
the highest speed 45,000 horse-power is required to get 
the same increase. Furthermore, the writer tells us 
that this is by no means an extraordinary case; for in 
the case of some ships it would take double the power 
to increase the speed by one knot. It is possible that 
the "Queen Mary," with a ,designed horse-power of 
70,000, has reached 29 knots and a trifle beyond, but 
that in itself is an exceedingly good performance. 

The resistance to motion of a ship through the water 
consists practically of two parts-the frictional resist
ance due to the rubbing of the water against the under
water part of the ship, and the resistance caused by 
wave-formation. At the higher speeds, large waves 
are formed-that is to say, heavy masses of water are 
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continuously being lifted above thei& normal level; and 
this, as anyone can understand, requires a correspond
ingly large expenditure of energy. At low speed, the 
frictional horse-power is greater; at about 2714 knots 
the frictional and wave-making horse-power are equal. 
After that the frictional horse-power increases a little 
faster than the speed, and the horse-power necessary 
to roll up the ever-increasing waves formed by the 
ship's progress rises at an enormously accelerating 
rate. 

Is the Panama Canal Liable to Damage by 
Earthquakes? 

By Charles Davison, Sc.D., F.G.S. 

' T
HE recent occurrence of three rather severe earth-
quakes and of many others of less intensity 'in 

Panama has naturally drawn attention to the possible 
effects of still stronger shocks upon the canal. It is 
generally held, I believe, that the danger is so small 
that it may be disregarded. It is pointed out that the 
region is one in which earthquakes have in the past 
been rare and almost innocuous. And, to this, it is 
added that, owing to its geological structure, slight 
tremors, if anything, rather than destructive shocks, 
may be expected to occur in the Isthmian district. 

For both reasons, there is much to be said, but neither 
seems to me quite conclusive. It does not follow that 
a country in which strong earthquakes have been infre
quent or altogether absent for several centuries will 
remain immune for yet another century, though it is 
very probable that the present condition of stagnancy 
will endure indefinitely. But instances to the contrary 
are not unknown. The strong earthquake of 1884, which 
caused so much damage at Colchester (England) and 
the neighboring villages, occurred in a district in which 
no recorded earthquake has ever originated and' in 
which none but slight shocks have been felt. The 
State of South Carolina was by no means celebrated 
for strong earthquakes when Charleston was partially 
destroyed in 1886. Nor was Alaska known as a distinc
tively seismic district until 1899, or perhaps until 1905, 
when the evidences of the greatest recorded earthquake 
uplift were revealed to Messrs. Tarr and Martin. 

Again, too much stress should not be laid on the 
rarity or absence of actively-moving faults in the 
Isthmian zone, for surveys in mining districts show 
that faults may exist at the depth of the mines which 
a survey confined to the surface would not have detect
ed. Nor is this all, for, as in the Swansea earthquake 
of 1906, the seismic evidence may indicate the exist
ence of still more deeply-seated faults, which the most 
detailed observations either on the surface or in mines 
would never have revealed. 

But, though it is not impossible that destructive 
shocks may occur in the immediate neighborhood of 
the canal, it see�s on the whole probable that the pros
pect of any damage resulting to the works is but a 
small one. It should be remembered that the epicenter 
of the recent earthquakes was at a great distance from 
the Isthmian zone. It is true that, on October 1st, a 
few walls were cracked in Panama City, but the chief 
damage occurred in the province of Los Santos, and 
especially at Tonosi. As most of the after-shocks 
were felt in the same district, it is probable th�t the 
epicenter of the earthquakes was not far distant. If 
we take it to have been about a hundred miles from 
the canal, it follows that, to cause serious injury to 
the workings, the meizoseismal zone would have to 
attain the considerable area of about 30,000 square 
miles. Unless, therefore, there should be a marked 
advance of the epicentral zone toward the canal, it 
would seem that little danger is to be apprehended 
from earthquakes originating in the Los Santos center. 

But, even if a violent earthquake were to occur at 
some place much nearer the canal, it does not follow 
that the works would be seriously injured. Twenty-five 
years ago some interesting observations were made by 
Messrs. Sekiya and Omori at Tokyo. Two similar seis
mographs, ,which had previously been compared on 
a shaking table, were placed, one at the bottom of a 
pit 18 feet deep, the other on the surface close to the 
pit. The records given of the earthquakes of two years 
(1887-1889) were afterward compared. If the earth

quakes were slight, it was found that the records on 
the surface and in the pit were nearly the same. But, 
if the earthquakes were strong, the difference was at 
once noticeable, not so much in the large undulations 
as in the small tremors or ripples superposed on them. 
In the pit, the ripples were to a great extent smoothed 
away. If the intensity of an earthquake shock depend
ed only on the range of the motion, this would not be 
of much consequence. But it depends also on the brev
ity of the period of the vibrations, and, on this account 
the ripples possess an intensity several times greate; 
than' the large undulations. The effect of' smoothing 
away the ripples is thus to reduce the actual intensity 
of strong earthquakes, so that at the bottom of the pit 
may be only about one fifth of that at the surface.1 

1 Japan Bei$. Boc. 7'rans., vol. 16, 1892, pp. 19-45. 


